Introduction
Pancreatic cancer is the second most common gastrointestinal tract cancer after colon cancer and the fourth leading cause of cancer-related death in the United States with approximately 53,670 new cases and 43,090 deaths in 2017 [1] . More than 90% of pancreatic malignancies arise from exocrine Acknowledgments: We thank Dr. Jeffrey McClure for aiding with FDG-PET SUV levels.
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glands with ductal adenocarcinoma accounting for almost 85% [2] . In contrast, the rare pancreatic adenosquamous carcinoma (PASC) of the pancreas accounts for 1%-4% of exocrine pancreatic malignancies [3] . First reported in 1907, PASC is defined by the presence of at least 30% malignant squamous cell carcinoma (SCC) mixed with ductal adenocarcinoma [4, 5] . Differentiation from metastatic SCC is based on the presence of glandular elements [5] .
https Similar to patients with adenocarcinoma, those with adenosquamous carcinoma present with abdominal pain, weight loss, anorexia, and jaundice [3, [6] [7] [8] . Treatments include surgical resection, radiation therapy, and locoregional chemotherapy. Surgical resectability is the single strongest predictor of survival in patients with PASC [9] . However, with a median survival of 7 months and long-term diseasespecific 1-and 2-year survival of 30.5% and 19.7%, respectively, prognosis for patients with PASC remains much worse compared to patients with adenocarcinoma of the pancreas [10] .
No specific imaging features distinguish PASC from adenocarcinoma, but several useful clues have been previously reported including an infiltrating round-lobulated mass, extensive central necrosis with ring-enhancement, location in the body or tail of the pancreas, or tumor thrombus in the portal venous system [11] [12] [13] [14] . Given its highly aggressive nature and dismal prognosis, accurate imaging diagnosis and determination of surgical resectability are of paramount importance, despite the rarity of this pancreatic carcinoma subtype.
Here, we report 2 rare cases of pancreatic adenosquamous cell carcinoma of the pancreas.
Case report #1
A 62-year-old woman presented to an outside facility with complaints of progressive left upper quadrant abdominal pain occasionally radiating to her back and across her abdomen. Additional symptoms included nausea, vomiting, and unintentional weight loss. Initial computed tomography (CT) of the abdomen and pelvis revealed a left upper quadrant mass, originally described as arising from the posterior wall of the stomach with possible ulceration. This led to endoscopic gastroduodenoscopy and subsequent biopsy revealing SCC of the stomach, a very rare tumor [15, 16] . The patient was then referred to our institution for further care.
Further work-up with diagnostic laparoscopy confirmed a mass arising from the pancreatic tail and separate from the stomach. Additionally, a suspicious firm right upper quadrant peritoneal nodule was detected incidentally and resected. CTguided percutaneous biopsy as well as pathologic evaluation of the resected peritoneal nodule yielded SCC of the pancreas.
Follow-up CT of the abdomen and pelvis showed a 4.4 × 8.5 × 5.9 cm (anteroposterior × transverse × craniocaudal) centrally necrotic mass in the tail of the pancreas invading the posterior wall of the stomach, occluding the splenic vein, and encasing the splenic artery. Vascular involvement resulted in multiple splenic infarcts ( Fig. 1 A-C) . The 18 Ffluorodeoxyglucose positron emission tomography (FDG-PET) imaging for staging demonstrated localized disease to the pancreatic tail without additional metastases (Max standardized uptake value [SUV MAX ] = 15.0 g/mL). The mass had peripheral hypermetabolism with central necrosis corresponding to the area of central necrosis on CT images ( Fig. 1 D and E) .
Laboratory studies include complete blood count, comprehensive metabolic panel, and lipase within normal limits. Serum tumor marker CA19-9 was also within normal limits. Carcinoembryonic antigen markers were not obtained. The multidisciplinary team made the decision to avoid surgery given extent of disease at the time. The patient completed 5 cycles of chemotherapy with FOLFIRINOX (folinic acid, fluorouracil, irinotecan, and oxaliplatin) followed by chemoradiation with Xeloda (capecitabine). The latter was discontinued after the discovery of a new liver lesion, which was percutaneously biopsied and pathologically proven to represent metastatic adenosquamous pancreatic cancer. This finding inferred the final diagnosis of the pancreatic mass to be adenosquamous carcinoma rather than SCC. The patient is currently continuing chemotherapy.
Case report #2
A 62-year-old woman presented to our emergency department with 3-day history of progressive poor oral intake and weight loss, malaise, nausea, vomiting, and epigastric abdominal pain. Laboratory results at presentation were in the normal range for lipase (11 U/L; normal range: ≤50). Bilirubin (1.7 mg/dL; normal range: 0.2-1.0 mg/dL) and alkaline phosphatase (390 mg/dL; normal range: 30-120 mg/dL) were elevated. Serum tumor markers revealed a normal CA 19-9 (5.0 U/mL; normal: 0-35 U/mL) but elevated carcinoembryonic antigen (11.1 ng/mL; normal: 0-5 ng/mL).
CT of the chest, abdomen, and pelvis was performed for further evaluation. A large, heterogeneous, and centrally necrotic mass was found in the head of the pancreas measuring 5.6 × 4.5 × 4.0 cm (anteroposterior × transverse × craniocaudal). This displaced the stomach anteriorly and partially encased and narrowed the superior mesenteric vein. The location resulted in marked dilation of the main pancreatic duct and biliary tree. The patient was subsequently admitted to the hospital for further management of comorbidities, mainly uncontrolled diabetes and hypertension ( Fig. 2 ) .
Extent of disease was evaluated with FDG-PET imaging. Tumor was localized to the pancreatic head without evidence of metastatic disease to other organs or lymph nodes (SUV MAX = 7.2 g/mL). Peripheral hypermetabolism was present with relative hypometabolism centrally corresponding to area of central necrosis on CT images.
CT-guided biopsy of the pancreatic head mass yielded a dual population of cells consistent with adenosquamous carcinoma.
The patient was not a candidate for surgical resection. Poor nutritional status precluded chemotherapy or radiation therapy. After multiple complications including several bouts of pancreatitis, cholangitis (treated with cholecystostomy tube placement), and episodes of gastrointestinal hemorrhage, the patient opted to discontinue all aggressive management and focus on comfort care. She passed away 7 months after her initial diagnosis.
Discussion
Adenosquamous carcinoma is a rare, aggressive subtype of pancreatic neoplasm characterized by at least 30% of squamous cells in a background of glandular elements [5] . As no squamous epithelium is normally present within the ductal epithelium of the pancreas, several hypotheses of the origin of PASC have been reported. To date, the leading theory is histologic transformation of pre-existing adenocarcinoma to SCC [17] [18] [19] . Other proposed mechanisms include ectopic squamous epithelium and squamous metaplasia of the glandular system or pancreatic ductal epithelium.
Although most PASCs occur in the body or tail, they can occur anywhere in the pancreas [12] . Presenting symptoms are nonspecific and indistinguishable from the more common pancreatic adenocarcinoma. Clinical presentation and progression is largely based on tumor location and involvement of adjacent structures. For example, both our patients presented with similar symptoms of abdominal pain, nausea, vomiting, and weight loss. However, as seen in case 1, location in the pancreatic tail resulted in gastric wall invasion and splenic infarcts from splenic vein and artery encasement. In contrast, case 2 dealt with location in the head of the pancreas, which resulted in obstructive jaundice and pancreatitis requiring placement of cholecystostomy drains to alleviate symptoms.
PASC carries a dismal prognosis with a median survival of 7 months and long-term disease-specific 1-and 2-year survival of 30.5% and 19.7%, respectively, much worse compared to patients with adenocarcinoma of the pancreas [10] . If the patient is a surgical candidate, resection is the single most beneficial treatment and strongest predictor for survival [9, 10] . Radiation therapy and locoregional chemotherapy have proven less effective [9] . Neither of our cases was managed surgically. Case 1 completed initial chemotherapy followed by chemoradiation, which was discontinued after the discovery of a solitary liver metastasis. The patient was restarted on chemotherapy that she is continuing to this day, 6 months after initial diagnosis. Case 2 was not a candidate for chemoradiation or radiation therapy due to poor nutritional status and additional comorbidities. She fell within the median survival rate of 7 months.
Imaging characteristics of PASC are nonspecific, but prior reports indicate a lobulated, infiltrative, predominantly cystic mass with rim-enhancement and central necrosis may be suggestive of this rare diagnosis-characteristics that are rarely seen with pancreatic adenocarcinoma [11] [12] [13] [14] 20, 21] . Additional findings such as portal vein thrombosis have also been described [12] . Both cases presented here demonstrated findings supportive of those previously reported. Both were lobulated infiltrating rim-enhancing masses with predominant cystic components representing necrosis. Findings were confirmed with FDG-PET imaging in both cases. In addition, we report SUVs for PASC that are significantly higher than those previously described for adenocarcinoma (4.7 ± 2.5 g/mL), which may aid in the differentiation of these entities [22] . Nonetheless, tissue biopsy and pathologic evaluation are ultimately needed to reach the final diagnosis. Determining staging and extent of disease for operability remains the most important role of imaging.
Conclusion
Herein, we described 2 cases of the rare adenosquamous carcinoma of the pancreas, clinical course, treatment, and imaging findings. Although definitive imaging characteristics remain largely nonspecific, our cases are supportive of previously reported imaging findings. We also report FDG-PET imaging findings and SUVs, which few have described before and may add additional information in differentiating this entity from pancreatic adenocarcinoma. Radiographic evaluation continues to play an important role in determining extent of disease to guide management. Efficient treatment strategies have yet to be established. Although surgical resection has shown improved median survival, long-term survival remains less than that for adenocarcinoma. Further accumulation of knowledge in all aspects of this entity is still needed.
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